Source tracking by a vertical line array (VLA) is not possible in general unless the cylindrical symmetry of the acoustic field is broken. This paper describes the analysis of matched-field (MF) source localization data from an experiment over the continental slope off Vancouver Island. A CW source was towed along a radial track over the slope out to ranges of 5.5 km, and then along a navigational arc in water depths from 380 m at the array to 750 m. The environment was modeled using an adiabatic normal mode approximation that accounted for elastic wave propagation in the sediment layers. A bathymetric database of the experimental region was compiled to provide a reliable set of depth contours used for the acoustic replica-fields. Using a Bartlett MF processor, the source was tracked in range, depth and bearing over the duration of the track, with Bartlett processor values of up to 0.88. The analysis shows that the slope is effective in breaking the symmetry of the acoustic field to provide bearing resolution with a VLA.
INTRODUCTION & MODELING
Acoustic data were collected using a multi-element vertical line array during the Pacific Shelf experiment off the west coast of Vancouver Island. A 16-element array was suspended from a surface float in water depths of 380-400 m, with the top hydrophore at a depth of 90 m and the elements equispaced at 15-m intervals. A CW sound source was towed along specific tracks, projecting three tones in the 45-72 Hz band. In this paper, data obtained for a downslope radial track out to a range of 5.5 km and along an arc at the same range are processed to localize the source in range, depth and bearing. The GPS track is shown by the dotted curve in Figure 1 .
The source location was estimated using a Bartlett matched-field (MF) processor, which acts w a simple correlator between the measured and modelled fields. Its output value is given by [1] :
where jn (m, r, z, 0, t ) is the modelled field for a variable environment model m and source position r, z and 6 in time t. ct is the cross-spectral matrix for the measured field at time t.
An adiabatic normal mode expression that satisfies reciprocity w= used in order to compute the replica field~ [2] : where e is the azimuth bearing direction and ec is the first bearing in an arc of investigation.
Qm is the mode function of the mth mode and k,m is the associated wave number for a range-dependent environment which is varying slowly in r and range-independent in the segmented, r'. a is a constant. For rapid repetitive computations, the bathymetry, mode functions and wave numbers are pre-computed for a grid of values of the water depth and source depth and stored in "look up" tables for fmt reference. 
MATCHED FIELD SOURCE LOCALIZATION AND TRACKING
The MF localization results for selected portions of the track are listed in Table 1 . Time 1815 ww at the start of the tow near the array; the track proceeded to a maximum radial range at 1840 and completed the turn along the arc by about 1842; at 1920 the source had returned upslope to water depths roughly equal to those at the array. The greatest bearing resolution is expected for the cross slope propagation paths, from about 1910 to 1930. The MF localization in range and bearing are shown in Figure 1 by the crosses, based on 38s samples at one minute intervals. The range-bearing discrimination is very good for the later times along the arc where the change in the field (or transmission loss) per unit angle is greatest. The performance w= not as good near the end of the radial; this result may dso indicate mismatch in the geoacoustic model at the deeper portion of the slope. The source depths estimated by MFP are plotted in Figure 1 ; the heavy curve is a polynomial fit. The measured depths, except near the turn, were about 40 m.
The results presented here demonstrate remarkably good tracking performance using conventional MFP with a vertical line array over a sloping bottom. The range dependence introduced by the sloping bottom breaks the cylindrical symmetry of the acoustic field, and provides the means for bearing resolution with the VLA.
